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Abstract:

Purpose/Background: Evidence supports use of adjunctive atypical
antipsychotics in major depressive disorder (MDD). Impaired sexual func-
tioning is common in MDD and may be worsened by antipsychotic adverse
effects. We evaluated the effect of brexpiprazole on prolactin and sexual func-
tioning in patients with MDD.

Methods/Procedures: In short-term studies, patients received adjunc-
tive brexpiprazole 1, 2, or 3 mg or placebo. The long-term study was a
flexible-dose (0.5-3 mg/d) open-label extension (OLE). Change from base-
line and shifts in prolactin status and prolactin-related treatment-emergent ad-
verse events (TEAEs) were assessed. Sexual functioning was assessed by the
Massachusetts General Hospital Sexual Functioning Questionnaire.
Findings/Results: Median changes in prolactin levels from baseline to
week 6 in short-term studies were as follows: brexpiprazole, 5.99 ng/mL
(females) and 1.61 ng/mL (males); placebo, —0.15 ng/mL (females) and
—0.08 ng/mL (males).

Median changes from baseline to week 52 in the OLE were as follows:
0.27 ng/mL (females) and 0.27 ng/mL (males). Prolactin levels in patients
with baseline prolactin greater than 1x upper limit of normal values tended
to decrease over time.

The proportion of brexpiprazole-treated patients with greater than 3 x
upper limit of normal postbaseline prolactin values in short-term studies for
both sexes was low (0%—0.3%) and did not differ from placebo: OLE,
0.5% (females) and 0.8% (males).

In short-term studies, the incidence of prolactin-related TEAEs was

3.1% for brexpiprazole and 0.7% for placebo (OLE, 3.1%). There were
overall numerical improvements from baseline in sexual functioning for fe-
males and males after short- and long-term brexpiprazole treatment, with
statistically significant improvements for brexpiprazole versus placebo in
females on the items ‘interest in sex’ (—0.19; 95% confidence interval
[CI], —0.33 to —0.05; P = 0.0074), ‘sexually aroused’ (—0.17; 95% CI,
—0.30 to —0.03; P = 0.0154), and ‘overall sexual satisfaction’ (—0.16;
95% CI, —0.30 to —0.03; P = 0.0184).
Implications/Conclusions: There were small changes in prolactin
levels, low proportions of patients with postbaseline elevated prolactin
values, low incidences of prolactin-related TEAEs, and modest improve-
ments in sexual functioning with adjunctive brexpiprazole in MDD.
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ajor depressive disorder (MDD) has a high prevalence and
health burden and is a leading cause of disability worldwide.

Many patients do not achieve adequate response or remission
with antidepressant therapy (ADT) alone; for such patients, there
is evidence supporting the benefits of atypical antipsychotics as
adjunctive treatment. As with all treatments, clinicians are recom-
mended to weigh potential benefits with potential risks associated
with limited availability of long-term study data.>

Hyperprolactinemia is an undesirable effect of most antipsy-
chotics, although compounds differ greatly in their potential for
prolactin elevation. Hyperprolactinemia is considered to be due
primarily to dopamine D, receptor blockade.*> Women are more
sensitive than men to hyperprolactinemic effects due to estrogen
involvement in modulation of prolactin secretion.® Any increase
in prolactin levels can lead to patient distress and impaired quality
of life (eg, sexual dysfunction, infertility), be stigmatizing (eg,
gynecomastia in men, hirsutism and galactorrhea in women), put
overall health at risk (eg, osteoporosis), and, ultimately, affect
functioning, treatment adherence, and satisfaction.” !

In addition, impairment in sexual functioning is by itself
common in patients with MDD, and ADTs can elicit and exacer-
bate sexual dysfunction, which may cause impaired quality of life
or discontinuation of treatment.'?

Brexpiprazole is a serotonin—dopamine activity modulator
that is a partial agonist at 5-HT;, and dopamine D, receptors,
and an antagonist at 5-HT,, and noradrenaline o/, receptors,
all with subnanomolar affinity.'* Brexpiprazole is approved in var-
ious countries and regions for the treatment of schizophrenia and
as adjunctive therapy to antidepressants for the treatment of MDD.

The current analysis includes pooled data from three short-
term, placebo-controlled studies'*'° and one long-term, 52-week,
open-label extension (OLE) study'” in patients with MDD, to eval-
uate the effect of brexpiprazole on prolactin, sexual functioning,
and other downstream health/medical effects.

MATERIALS AND METHODS

Study Designs

The studies (Supplementary Table 1 — Supplementary digital
content 1, http:/links.Iww.com/JCP/A699) were designed and
conducted in accordance with the principles of the Declaration
of Helsinki, and study protocols were approved by relevant insti-
tutional review boards or independent ethics committees. All pa-
tients provided written informed consent before study start, and
possible adverse effects were fully explained. The studies were
registered at ClinicalTrials.gov.
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The short-term studies were randomized, double-blind, placebo-
controlled, fixed-dose studies (Pyxis [NCT01360645],'* Polaris
[NCT01360632],"° and Sirius [NCT02196506]'°), which included
an 8-week, single-blind, prospective ADT phase followed by a
6-week, randomized, double-blind, placebo-controlled adjunctive
phase. In the prospective treatment phase, eligible patients received
an investigator-determined, open-label ADT, together with single-
or double-blind placebo. During this phase, patients were assessed
for inadequate response to prospective ADT. Patients with inade-
quate response were randomized to double-blind treatment with ad-
junctive brexpiprazole (1, 2, or 3 mg) or placebo for 6 weeks.
Antidepressant therapy responders continued to receive the same
open-label ADT and placebo until the end of the study; these pa-
tients were not randomized or included in the short-term analyses.

The long-term study (Orion [NCT01360866])'" was a
flexible-dose (brexpiprazole 0.5-3 mg/d) OLE that enrolled pa-
tients completing either Pyxis, Polaris, or Delphinus.'® Delphinus
was a flexible-dose study with an 8- or 10-week, double-blind, pro-
spective phase followed by a 6-week, randomized, double-blind,
placebo-controlled, active-referenced (quetiapine XR 150-300 mg/d)
phase with flexible dosing of brexpiprazole (2-3 mg/d). Data
from Delphinus were not included in the short-term analyses be-
cause prolactin was not measured at the same time points as in
Pyxis and Polaris, and sexual functioning was not assessed.

Patients in the OLE remained on the same assigned open-label
ADT from their parent study. All patients were titrated to
brexpiprazole (regardless of previous brexpiprazole exposure): first
week, 0.5 mg/d; second week, 1 mg/d; third and fourth weeks,
0.5-2 mg/d; and fifth week onward, 0.5-3 mg/d. From the third
week, doses could be adjusted for reasons of efficacy/tolerability
according to investigator’s judgment. Study duration was changed
from 52 to 26 weeks midway through the study because the safety
profile was considered well established.

Assessments

In short-term studies, baseline was defined as the last value ob-
tained before randomization. In the OLE, baseline was defined as the
last scheduled visit of the short-term study. We studied changes from
baseline, clinically relevant prolactin values, and shifts in prolactin sta-
tus in patients with low, normal, or elevated prolactin levels at baseline.

Prolactin was measured at baseline and at weeks 2, 4, and 6
in Pyxis and Polaris; at baseline and at week 6 in Sirius; and with
regular intervals throughout the OLE. Mean and median changes
from baseline are reported at week 6 for the short-term studies and
at weeks 26 and 52 for the OLE.

Prolactin was measured using a Beckman Coulter Access
Prolactin assay (Beckman Coulter Inc, Brea, California).!**® Pro-
lactin normal ranges for females and males were defined as 2.74
t026.72 ng/mL and 2.64 to 13.13 ng/mL, respectively.'® Upper limit
of normal (ULN) prolactin levels were 26.72 ng/mL for females
and 13.13 ng/mL for males.'**® Values below normal range were
defined as ‘low.” The lower limit of quantitation was 0.25 ng/mL.
The inter-assay coefficient of variation was 2.9% to 4.6%, and the
inter-assay coefficient of variation was 3.6% to 5.6%. Further de-
tails of the prolactin analysis method are given in the supplementary
appendix (Details of prolactin analysis — Supplementary digital
content 1, http://links.lww.com/JCP/A699).

Clinically relevant prolactin values were defined in accordance
with regulatory submission documents, that is, any value greater
than 1x ULN. Incidences of shifts in prolactin status are presented
as shifts from baseline to anytime postbaseline. Percentages were
obtained by dividing the number of patients with potential clinically
relevant shift with the total number of patients who met the baseline
criteria and had a postbaseline result.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

Treatment-emergent adverse events (TEAEs) potentially re-
lated to prolactin were searched using the MedDRA 19.0 System
Organ Class Reproductive system and breast disorder and the pre-
ferred terms blood prolactin increased, hyperprolactinemia, galac-
torrhea, gynecomastia, breast swelling, breast enlargement, breast
mass, breast tenderness, amenorrhea, oligomenorrhea, anovula-
tory cycle, and hypomenorrhea.

Sexual functioning was assessed using the patient-rated
Massachusetts General Hospital Sexual Functioning Question-
naire (MSFQ), where interest in sex, arousal, ability to achieve or-
gasm, ability to maintain erection (men only), and overall sexual
satisfaction were each scored as 1 (greater than normal), 2 (nor-
mal), 3 (minimally diminished), 4 (moderately diminished), 5
(markedly diminished), or 6 (totally absent).?!

Statistical Analysis

All analyses were performed on the safety population (pa-
tients receiving 21 dose of study medication). Patients in the
short-term studies treated with placebo were pooled for the analy-
sis, as were patients treated with fixed-dose brexpiprazole.

Calculation of mean and median prolactin changes in the
studies was based on observed case data. Both mean and median
values were provided because of skewed distribution of the prolac-
tin values. Values below the lower limit of quantitation were con-
sidered missing in calculations of means and medians and were
entered as zero into calculations of potentially clinically relevant
values and shifts in prolactin status.

A path analysis was performed on observed case data at
week 6 of the short-term double-blind treatment period to address
the potential issue of pseudospecificity and assess the extent to
which improvement in sexual functioning, measured by MSFQ,
was a direct treatment effect versus an indirect effect mediated
through a general improvement of depressive symptoms, mea-
sured as change in Montgomery-Asberg Depression Rating Scale
(MADRS) total score.

The path analysis estimating the treatment effects fitted two
analysis of covariance (ANCOVA) models. In the first ANCOVA
model, the direct placebo-subtracted effect of brexpiprazole on
sexual function was determined based on estimates from a model
adjusting for the correlation between changes in MADRS total
score and the MSFQ item ‘overall sexual satisfaction’ score. The
placebo-subtracted indirect effect, passing through change in
depressive symptoms, was calculated by multiplying the corre-
lation estimate from the first ANCOVA model with the esti-
mates from the second ANCOVA model that estimated the
placebo-subtracted effect of treatment on depressive symptoms
using the MADRS total score. The placebo-subtracted di-
rect and indirect effects are presented as percentages of total
placebo-subtracted effect (direct effect + indirect effect).

RESULTS

Patients

Baseline demographic and clinical characteristics were similar
between treatment groups in the short-term studies and by prior treat-
ment in the OLE, except for patients in the prior ADT group (ade-
quate responders) whose MADRS total score at baseline (end of
short-term study) was markedly lower (Supplementary Table 2 —
Supplementary digital content 1, http:/links.lww.com/JCP/A699).

Short-Term Studies—Changes From Baseline

Mean (standard deviation [SD]) [median] baseline prolactin
values in brexpiprazole-treated patients were 10.06 (5.36) [8.80]
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ng/mL for females, and 7.92 (3.78) [7.06] ng/mL for males, and in
placebo-treated patients were 10.20 (6.04) [8.37] ng/mL for fe-
males, and 7.83 (3.65) [7.22] ng/mL for males.

Mean (SD) [median] changes from baseline to week 6 in
brexpiprazole-treated patients were 7.46 (8.92) [5.99] ng/mL for
females, and 1.90 (4.42) [1.61] ng/mL for males, and in
placebo-treated patients were —0.03 (5.31) [-0.15] ng/mL for fe-
males, and 0.24 (3.35) [0.08] ng/mL for males.

Among females with prolactin values within low or normal
range at baseline, a small increase was observed in the
brexpiprazole groups (Table 1). In females with greater than 1x
ULN prolactin values at baseline, there was a decrease from baseline
in both the brexpiprazole and placebo groups. In males, increases
over time were small (approximately 2 ng/mL) in patients with low
or normal values at baseline. In males with greater than 1x ULN pro-
lactin values at baseline, a small decrease was observed in the
brexpiprazole group, whereas a small increase was seen in the pla-
cebo group. There seemed to be a dose-dependent increase in prolac-
tin levels at week 6 for females with normal prolactin levels at
baseline, whereas this observation was not as pronounced in male pa-
tients (Supplementary Table 3 — Supplementary digital content 1,
http://links.Iww.com/JCP/A699).

Long-Term Study—Changes From Baseline

Mean (SD) [median] baseline prolactin values were 12.20 (10.01)
[9.69] ng/mL for females and 8.99 (6.71) [7.50] ng/mL for males.

Mean (SD) [median] changes from baseline to week 52 were
0.47 (8.37) [0.27] ng/mL for females and 0.37 (6.41) [0.27] ng/mL
for males.

Among females and males with low or normal values at base-
line, a small increase over time was observed (Table 2). There was
a small decrease among females in the prior brexpiprazole group
at week 52. Prolactin in females and males with greater than 1x
ULN values at baseline tended to decrease over time regardless
of the previous treatment given.

Postbaseline Elevated Values and Shifts

The proportion of brexpiprazole-treated patients with
postbaseline greater than 3x ULN prolactin values at any visit
in the short-term studies was 0.0% for females and 0.2% for
males, and in the placebo-treated patients was 0.3% for females
and 0.2% for males. The proportion of patients with postbaseline
greater than 3 x ULN prolactin values at any visit in the OLE was
0.5% for females and 0.8% for males.

Larger proportions of patients on brexpiprazole than placebo
shifted from low or normal to greater than 1x ULN in the
short-term studies (Supplementary Table 4 — Supplementary dig-
ital content 1, http://links.lww.com/JCP/A699); this proportion
was slightly larger in males than in females during long-term treat-
ment. A shift from normal at baseline to greater than 3 x ULN was
observed in less than 1% of patients, regardless of study length.
Four percent of males with low levels at baseline shifted to greater
than 3x ULN in the OLE.

There were 36.4% of females and 18.8% of males in the
brexpiprazole group with greater than 1x ULN prolactin values
at baseline who had normalized prolactin values during the
short-term studies; corresponding proportions in the OLE were
32.4% and 21.7%. The majority (range, 77.6% to 82.0%) of
brexpiprazole-treated patients with normal prolactin values at
baseline did not shift during the studies.
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Brexpiprazole
1-3 mg

>1x ULN

Brexpiprazole
1-3 mg Placebo

Males
Normal

Brexpiprazole
1-3 mg Placebo

Low

Placebo

Brexpiprazole
1-3 mg

>1x ULN

Normal
Brexpiprazole
1-3 mg Placebo

Females

Placebo

Brexpiprazole
1-3 mg

Low

Placebo

TABLE 1. Short-Term Studies—Mean Changes From Baseline in Prolactin (ng/mL) by Sex and Baseline Prolactin Status

Baseline Status
Treatment

Sex

© 2020 The Author(s).
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Treatment-Emergent Adverse Events Related
to Hyperprolactinemia

The incidence of TEAESs related to hyperprolactinemia was
low (Supplementary Table 5 — Supplementary digital content 1,
http://links.lww.com/JCP/A699). Four (0.7%) of the 613 patients
in the placebo group and 26 (3.1%) of the 835 patients in the
brexpiprazole 1 to 3 mg group in the short-term studies experi-
enced TEAESs related to hyperprolactinemia or sexual functioning.

The incidence of prolactin-related and sexual functioning
TEAEs in the OLE was 3.1% (92/2938). The most common
TEAE related to hyperprolactinemia in the short-term studies
and OLE was blood prolactin increased, with an incidence of
1.6% and 0.7%, respectively. Patients who developed a prolactin
increase greater than 3x ULN during the short-term studies did
not report TEAEs related to hyperprolactinemia or sexual func-
tioning, whereas in the OLE, two patients experienced one TEAE
each (blood prolactin increased).

Sexual Functioning

In the short-term studies, all MSFQ items showed numerical
decreases from baseline to week 6 (Figs. 1A, B), indicating overall
improvement in sexual functioning for females and males after
treatment with brexpiprazole. There were statistically significant
improvements for brexpiprazole versus placebo in females on the
items ‘interest in sex’ (—0.19; 95% confidence interval [CI].
—0.33 to —0.05; P = 0.0074), ‘sexually aroused’ (—0.17; 95% CI,
—0.30 to —0.03; P = 0.0154), and ‘overall sexual satisfaction’
(=0.16; 95% CI, —0.30 to —0.03; P = 0.0184) (Fig. 1A); this result
was driven by females with normal prolactin levels at baseline (the
largest subgroup) (Supplementary Figure 1A — Supplementary
digital content 1, http://links.lww.com/JCP/A699). In males, there
were no statistically significant differences between brexpiprazole
and placebo, in the full sample (Fig. 1B) or when split by baseline
prolactin level (Supplementary Figure 1B — Supplementary digi-
tal content 1, http://links.lww.com/JCP/A699).

In the OLE, all MSFQ items showed numerical improvements
from baseline to week 52 (Fig. 1C), except in males with low pro-
lactin levels at baseline for ‘sexually aroused’ and ‘maintain erec-
tion” (Supplementary Figure 1C — Supplementary digital content
1, http:/links.lww.com/JCP/A699). Improvements were numeri-
cally larger in females than in males in the total population
(Fig. 1C), and in patients with low and normal prolactin levels at base-
line (Supplementary Figure 1C — Supplementary digital content 1,
http:/links.lww.com/JCP/A699); the opposite situation was ob-
served in patients with high prolactin levels, where males displayed
numerically larger improvements compared with females.

The path analysis (Path analysis results — Supplementary digital
content 1, http:/links.lww.com/JCP/A699) revealed that at week
6 in the short-term studies, 55.3% of the total placebo-subtracted ef-
fect of brexpiprazole on ‘overall sexual satisfaction” was a direct
placebo-subtracted effect, whereas 44.7% of the total placebo-
subtracted effect was an indirect placebo-subtracted effect, medi-
ated via improvements in depressive symptoms as assessed with
the MADRS.

DISCUSSION

This analysis of short- and long-term data from patients with
MDD and inadequate response to antidepressants showed small
mean increases from baseline in prolactin levels and low propor-
tions of patients with elevated prolactin levels after treatment with
brexpiprazole adjunctive to ADTs. Most of the patients did not
shift from normal prolactin levels at baseline. The incidence of
TEAEs related to hyperprolactinemia and sexual dysfunction
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was low. Overall, the changes in prolactin levels observed were
not considered to be of clinical importance.

In the short-term studies, sexual functioning improved in
both females and males, with statistically significant improve-
ments for brexpiprazole versus placebo in females in 3 of 4 items
of the MSFQ. In the OLE, all items of the MSFQ showed improve-
ments from baseline. Improvements in sexual functioning for
women and men were numerically larger during long-term than
short-term treatment. The positive effect of brexpiprazole on sexual
functioning, as investigated using the MSFQ item ‘overall sexual
satisfaction’ in the short-term studies, seemed to be mainly a direct
effect and, to a lesser extent, mediated via improvements in depres-
sive symptoms.

The present results agree with a previous prolactin analysis in
schizophrenia,?” thereby confirming that brexpiprazole has a small
impact on prolactin levels in patients with MDD, as well as in
patients with schizophrenia. In the absence of a network
meta-analysis in MDD that includes brexpiprazole, a network
meta-analysis of oral antipsychotics in schizophrenia can be
used to make an indirect comparison of the effects of different
agents on prolactin.?® This analysis showed that brexpiprazole
did not differ significantly from placebo in terms of prolactin
elevation (mean difference, 0.95 ng/mL), whereas, for exam-
ple, risperidone and paliperidone were associated with signifi-
cantly elevated prolactin levels (mean difference, 37.98 and
48.51 ng/mL, respectively).?

An indirect comparison with aripiprazole regarding effects
on prolactin and sexual functioning in MDD is warranted, given
the similarities in the D, receptor binding profile. Like
brexpiprazole, aripiprazole is a D, partial agonist, and aripiprazole
is often referred to as a prolactin-sparing compound, producing little
or no clinically significant prolactin elevation.>* In aripiprazole
schizophrenia trials, decreases from baseline in mean prolactin
levels have been observed in short- and long-term studies.?>%’
Aripiprazole adjunctive to ADTs in patients with MDD seems to
have a similar minimal effect on prolactin as in schizophrenia,
whereas, for example, risperidone fared worse than placebo.?® Indi-
rect comparisons with published data on aripiprazole®®=>! suggest
no relevant differences between brexpiprazole and aripiprazole.

Investigation of the effects of adjunctive aripiprazole on sex-
ual functioning in patients with MDD and inadequate response to
antidepressants demonstrated modest beneficial effects on sexual
functioning in women, largely unrelated to changes in depressive
symptoms and without consistent correlation to prolactin levels.>?
Perhaps not surprisingly, the results from our analysis of
brexpiprazole and sexual functioning are quite similar.

Dopamine, norepinephrine, and melanocortins stimulate at-
tention and desire in women.*> Compared with aripiprazole,
brexpiprazole is more potent at 5-HT 54 receptors, has higher
affinity for the noradrenaline o/ receptors, and shows lower
intrinsic activity at the D, receptor.'> However, as all atypical antipsy-
chotics are dopamine blocking agents, and despite brexpiprazole hav-
ing intrinsic activity at the D, receptor, it is perhaps more reasonable
to speak of an expected lack of harmful effects on sexual functioning
with brexpiprazole, rather than improvements. Nevertheless, signifi-
cant improvements in sexual functioning in women treated with ad-
junctive brexpiprazole were in fact seen not only for the items
‘interest in sex’ and ‘overall sexual satisfaction’ as with aripiprazole,
but also for ‘sexually aroused.”

Although indirect comparisons between drugs should be per-
formed with caution, this difference could possibly be explained
by brexpiprazole being more potent at 5-HT; 4 receptors than
aripiprazole. The 5-HT, 4 antagonist effects of brexpiprazole, sim-
ilar to those of flibanserin (approved for the treatment of
hypoactive sexual desire disorder in women>#), and possibly also

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.
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FIGURE 1. Summary of least squares mean (standard error) change (short-term studies) or mean (SD) change (long-term study) from baseline
in MSFQ item scores by sex. Lower/decreased MSFQ scores indicate better/improved sexual functioning. Numbers below graphs represent
number of patients at baseline. Mean (SD) baseline item scores are given at the vertical axis by each bar.

the 5-HT) 5 partial agonist effects, might potentially attenuate the
effects of serotonin reuptake inhibition from selective serotonin
reuptake inhibitor antidepressants on desire and arousal by de-
creasing serotonin activity,>> and thereby contribute to the positive
effect on the item ‘sexually aroused.’

As for the differences in magnitude of improvements in sexual
functioning between women and men in our analysis, serotonin in-
hibition of sexual functioning may exert a greater impact in women
due to the mitigating effects of testosterone in men. Similarly,
women are more sensitive than men to hyperprolactinemic effects

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

of antipsychotic drugs due to estrogen involvement in modulation
of prolactin secretion.® Of note is that, in female patients with ele-
vated prolactin at baseline, almost a third had normalization of pro-
lactin values with continued brexpiprazole treatment in the OLE.
Limitations of our analysis should be taken into consideration
and include the use of a post hoc analysis approach, evaluation of
patients fulfilling eligibility criteria limits generalizability, lack of
head-to-head comparisons with other adjunctive antipsychotics,
the potentially limited ability to assess changes in sexual function-
ing within the relatively short time frame of the short-term studies,
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and, finally, the MSFQ not having been validated in women, so dif-
ferences might be related, at least in part, to the scale rather than
measurable medication effects. A strength of the analysis is that it
is based on a large, high-quality data set.

In conclusion, patients in this analysis had small changes in
prolactin levels and few adverse events related to hyperprolactinemia
and sexual dysfunction after adjunctive treatment with brexpiprazole.
Brexpiprazole had a modest, although significant, positive effect on
several components of sexual functioning in women—interest in
sex, arousal, and overall sexual satisfaction. General improvements
in overall sexual satisfaction were not primarily driven by improve-
ments in depressive symptoms.

AUTHOR DISCLOSURE INFORMATION

Funding for this trial was provided by Otsuka Pharmaceuti-
cal Development & Commercialization Inc (Princeton, New
Jersey) and H. Lundbeck A/S (Valby, Denmark).

Anita Clayton received grants from Endoceutics Inc, Janssen,
Sage Therapeutics, and Takeda,; advisory board fee/consultant
fee from Acadia, Alkermes, Allergan, AMAG Pharmaceuticals
Inc, Fabre-Kramer, Lundbeck, Otsuka, Palatin Technologies,
S1 Biopharma, Sage Therapeutics, Sprout Pharmaceuticals, and
Takeda; and royalties/copyright from Ballantine Books/Random
House, Changes in Sexual Functioning Questionnaire, Guilford
Publications, Shares/Restricted Stock Units: Euthymics, and
S1 Biopharma.

Jelena Ivkovic is a full-time employee of H. Lundbeck A/S,
Valby, Denmark.

Dalei Chen, Vinu George, and Mary Hobart are full-time
employees of Otsuka Pharmaceutical Development & Commer-
cialization Inc, Princeton, New Jersey.

REFERENCES

1. Kessler RC. The costs of depression. Psychiatr Clin North Am. 2012;35:
1-14.

2. GBD 2016 Disease and Injury Incidence and Prevalence Collaborators.
Global, regional, and national incidence, prevalence, and years lived with
disability for 328 diseases and injuries for 195 countries, 1990-2016: a
systematic analysis for the Global Burden of Disease Study 2016. Lancet.
2017;390:1211-1259.

3. Han C, Wang SM, Kato M, et al. Second-generation antipsychotics in the
treatment of major depressive disorder: current evidence. Expert Rev
Neurother. 2013;13:851-870.

4. Montejo AL, Arango C, Bernardo M, et al. Multidisciplinary consensus
on the therapeutic recommendations for iatrogenic hyperprolactinemia
secondary to antipsychotics. Front Neuroendocrinol. 2017;45:25-34.

5. Peuskens J, Pani L, Detraux J, et al. The effects of novel and newly
approved antipsychotics on serum prolactin levels: a comprehensive
review. CNS Drugs. 2014;28:421-453.

6. Torre DL, Falorni A. Pharmacological causes of hyperprolactinemia.
Ther Clin Risk Manag. 2007;3:929-951.

7. Montejo AL, Arango C, Bernardo M, et al. Spanish consensus on the risks
and detection of antipsychotic drug-related hyperprolactinaemia.
Rev Psiquiatr Salud Ment. 2016;9:158-173.

8. Byerly M, Suppes T, Tran QV, et al. Clinical implications of
antipsychotic-induced hyperprolactinemia in patients with schizophrenia
spectrum or bipolar spectrum disorders: recent developments and current
perspectives. J Clin Psychopharmacol. 2007;27:639-661.

9. Bostwick JR, Guthrie SK, Ellingrod VL. Antipsychotic-induced
hyperprolactinemia. Pharmacotherapy. 2009;29:64-73.

10. Cookson J, Hodgson R, Wildgust HJ. Prolactin, hyperprolactinaemia and
antipsychotic treatment: a review and lessons for treatment of early
psychosis. J Psychopharmacol. 2012;26:42-51.

566 | www.psychopharmacology.com

11.

12.

13.

14.

16.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Grigg J, Worsley R, Thew C, et al. Antipsychotic-induced
hyperprolactinemia: synthesis of world-wide guidelines and integrated
recommendations for assessment, management and future research.
Psychopharmacology (Berl). 2017;234:3279-3297.

Reichenpfader U, Gartlehner G, Morgan LC, et al. Sexual dysfunction
associated with second-generation antidepressants in patients with major
depressive disorder: results from a systematic review with network
meta-analysis. Drug Saf. 2014;37:19-31.

Maeda K, Sugino H, Akazawa H, et al. Brexpiprazole I: in vitro and in vivo
characterization of a novel serotonin-dopamine activity modulator.

J Pharmacol Exp Ther. 2014;350:589-604.

Thase ME, Youakim JM, Skuban A, et al. Efficacy and safety of adjunctive
brexpiprazole 2 mg in major depressive disorder: a phase 3, randomized,

placebo-controlled study in patients with inadequate response to
antidepressants. J Clin Psychiatry. 2015;76:1224-1231.

. Thase ME, Youakim JM, Skuban A, et al. Adjunctive brexpiprazole 1 and

3 mg for patients with major depressive disorder following inadequate
response to antidepressants: a phase 3, randomized, double-blind study.
J Clin Psychiatry. 2015;76:1232—1240.

Hobart MS, Skuban A, Zhang P, et al. A randomized, placebo-controlled
study of the efficacy and safety of fixed-dose brexpiprazole 2 mg/d as
adjunctive treatment of adults with major depressive disorder. J Clin
Psychiatry. 2018;79:17m12058.

. Hobart M, Zhang P, Skuban A, et al. A long-term, open-label study to

evaluate the safety and tolerability of brexpiprazole as adjunctive therapy in
adults with major depressive disorder. J Clin Psychopharmacol. 2019;39:
203-209.

Hobart M, Skuban A, Zhang P, et al. Efficacy and safety of flexibly dosed
brexpiprazole for the adjunctive treatment of major depressive disorder: a
randomized, active-referenced, placebo-controlled study. Curr Med Res
Opin. 2018;34:633-642.

. Beckman Coulter. Access prolactin consumable IFU/setting sheet.

Document no. A83772.L. April 25, 2020. Available at: https:/www.
beckmancoulter.com/. Accessed August 5, 2020.

Byrne B, O’Shea P, Barrett P, et al. The Beckman DxI 800 prolactin assay
demonstrates superior specificity for monomeric prolactin. Clin Chem Lab
Med. 2010;48:205-208.

Labbate LA, Lare SB. Sexual dysfunction in male psychiatric outpatients:
validity of the Massachusetts General Hospital Sexual Functioning
Questionnaire. Psychother Psychosom. 2001;70:221-225.

Ivkovic J, Lindsten A, George V, et al. Effect of brexpiprazole on prolactin:
an analysis of short- and long-term studies in schizophrenia. J Clin
Psychopharmacol. 2019;39:13-19.

Huhn M, Nikolakopoulou A, Schneider-Thoma J, et al. Comparative
efficacy and tolerability of 32 oral antipsychotics for the acute treatment
of adults with multi-episode schizophrenia: a systematic review and
network meta-analysis. Lancet. 2019;394:939-951.

Dickson RA, Glazer WM. Neuroleptic-induced hyperprolactinemia.
Schizophr Res. 1999;35 suppl:S75-S86.

Kane JM, Carson WH, Saha AR, et al. Efficacy and safety of aripiprazole
and haloperidol versus placebo in patients with schizophrenia and
schizoaffective disorder. J Clin Psychiatry. 2002;63:763-771.

Kasper S, Lerman MN, McQuade RD, et al. Efficacy and safety of
aripiprazole vs. haloperidol for long-term maintenance treatment following
acute relapse of schizophrenia. Int J Neuropsychopharmacol. 2003;6:
325-337.

Potkin SG, Saha AR, Kujawa MJ, et al. Aripiprazole, an antipsychotic with
a novel mechanism of action, and risperidone vs placebo in patients with
schizophrenia and schizoaffective disorder. Arch Gen Psychiatry. 2003;60:
681-690.

Komossa K, Depping AM, Gaudchau A, et al. Second-generation
antipsychotics for major depressive disorder and dysthymia. Cochrane
Database Syst Rev. 2010;CD008121.

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.


https://www.beckmancoulter.com/
https://www.beckmancoulter.com/
http://www.psychopharmacology.com

Journal of Clinical Psychopharmacology e Volume 40, Number 6, December 2020

Brexpiprazole, Prolactin, and Sexual Functioning

29.

30.

3L

32.

Berman RM, Fava M, Thase ME, et al. Aripiprazole augmentation in major
depressive disorder: a double-blind, placebo-controlled study in patients
with inadequate response to antidepressants. CNS Spectr. 2009;14:197-206.

Berman RM, Thase ME, Trivedi MH, et al. Long-term safety and
tolerability of open-label aripiprazole augmentation of antidepressant
therapy in major depressive disorder. Neuropsychiatr Dis Treat. 2011;7:
303-312.

Marcus RN, McQuade RD, Carson WH, et al. The efficacy and safety

of aripiprazole as adjunctive therapy in major depressive disorder: a second
multicenter, randomized, double-blind, placebo-controlled study. J Clin
Psychopharmacol. 2008;28:156-165.

Fava M, Dording CM, Baker RA, et al. Effects of adjunctive aripiprazole
on sexual functioning in patients with major depressive disorder and an

© 2020 The Author(s). Published by Wolters Kluwer Health, Inc.

33.

34.

35.

inadequate response to standard antidepressant monotherapy: a post hoc
analysis of 3 randomized, double-blind, placebo-controlled studies.
Prim Care Companion CNS Disord. 2011;13:PCC.10m00994.

Kingsberg SA, Clayton AH, Pfaus JG. The female sexual response: current
models, neurobiological underpinnings and agents currently approved or
under investigation for the treatment of hypoactive sexual desire disorder.
CNS Drugs. 2015;29:915-933.

Miller MK, Smith JR, Norman JJ, et al. Expert opinion on existing and
developing drugs to treat female sexual dysfunction. Expert Opin Emerg
Drugs. 2018;23:223-230.

Stahl SM, Sommer B, Allers KA. Multifunctional pharmacology of
flibanserin: possible mechanism of therapeutic action in hypoactive sexual
desire disorder. J Sex Med. 2011;8:15-27.

www.psychopharmacology.com | 567


http://www.psychopharmacology.com

